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Running title: Larvicidal activity of organotin(IV) Schiff bases derived from amino acid 
 
Abstract 
Five new organotin(IV) complexes of composition [Bz2SnL1]n  1, [Bz3SnL1H·H2O]  2, 
[Me2SnL2·H2O] 3, [Me2SnL3] 4 and [Bz3SnL3H]n  5 (where L1 = (2S)-2-{[(E)-(4-
hydroxypentan-2-ylidene)]amino}-4-methylpentanoate,  L2 = (rac)-2-{[(E)-1-(2-
hydroxyphenyl)methylidene]amino}-4-methylpentanoate and L3 = (2S)- or (rac)-2-{[(E)-1-
(2-hydroxyphenyl)ethylidene]amino}-4-methylpentanoate) were synthesized and 
characterized by 1H, 13C, 119Sn NMR and IR spectroscopic techniques. The crystal structure 
of 2 reveals a distorted trigonal-bipyramidal geometry around the tin atom where the oxygen 
atoms of the carboxylate ligand and a water ligand occupy the axial positions, while the 
three-benzyl ligands are located at the equatorial positions. On the other hand, the analogous 
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derivative of enantiopure L3H (5) consists of polymeric chains, in which the ligand-bridged 
Sn-atoms adopt the same trans-Bz3SnO2 trigonal-bipyramidal configuration and are now 
coordinated to a phenolic oxygen-atom instead of H2O. In 2, the O-H hydrogen of the 
ketoimine substituent has moved to the nearby nitrogen atom while in the salicylidene 
derivative 5, the O-H is located almost midway between the phenolic O-atom and the N-atom 
of the C=N group. For the dibenzyltin derivative 1, a polymeric chain structure is observed as 
a result of a long intermolecular Sn···O bond involving the exocyclic carbonyl oxygen-atom 
from the tridentate ligand of a neighboring Sn-complex unit. The tin atom in this complex has 
distorted octahedral coordination geometry. In contrast, the racemic dimethyltin(IV) 
complexes 3 and 4 displayed discrete monomeric structures with a distorted octahedral- and 
trigonal-bipyramidal geometry, respectively. The structures show that the coordination mode 
of the Schiff base ligand depends primarily on the number of bulky benzyl ligands (R) at the 
Sn atom, as indeed found in the structures of related complexes where R = phenyl. With three 
bulky R groups, the tridentate chelating O,N,O coordination mode is preferred, whereas with 
fewer or less bulky R ligand, only the carboxylate and hydroxy groups are involved, which 
leads to polymers. Larvicidal efficacies of two new tribenzyltin(IV) complexes 
[Bz3SnL1H.H2O]  (2), [Bz3SnL3H]n  (5)  were assessed on the second larval instar of the An. 
Stephensi mosquito larvae and compared with two triphenyltin(IV) analogs [Ph3SnL1H]n  (6) 
and [Ph3SnL3H]n  (7). The results demonstrated that the compounds containing Sn-Ph ligands 
are more effective than with Sn-Bz ligands.  
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Introduction  
Amino acids are important endogenous biological ligands that have been investigated in great 
detail because of their potential prospects for generating more effective and less lethal metal-
based drugs. Consequently, amino acids were combined with ketones/ aldehydes to generate 
Schiff bases carrying an imino linkage, which developed as a promising area of investigation 
and their complexes were evaluated for their biological properties, such as antiproliferative, 
anti-inflammatory and antibacterial activities.[1-7] 2,4-Pentanedione (acetylacetone) is a common 
building block for the synthesis of heterocyclic compounds and also provides increased stability 
to prodrugs in aqueous conditions,[8] while 2-hydroxybenzaldehyde is a precursor of 
biologically important compounds such as 2-hydroxybenzoic acid (salicylic acid) or 2-
acetoxybenzoic acid (acetylsalicylic acid; aspirin). 2,4-Pentanedione and 2-
hydroxybenzaldehyde both react readily with amino acids to yield Schiff bases. Based on these 
antecedents, various series of organotin(IV) complexes derived from Schiff bases of amino 
acids, such as 2-aminoacetic-, 3-aminopropanoic-, (S)-2-amino-3-phenylpropanoic-, 2-amino-3-
methylbutanoic-, 2-amino-4-methylpentanoic- and 2-amino-3-hydroxypropanoic acids have 
been prepared and structurally characterized.[9-24] The molecular structures of these complexes 
displayed varying structural features comprising both the ligand coordination modes and the 
metal coordination geometry, which are mainly influenced by the nature of the ligand and the 
Sn-R groups. Furthermore, some of the organotin(IV) complexes have also shown cytotoxic 
activity.[11, 17, 19-21]  
On the other hand, it is now well known that the triorganotin(IV) compounds (R3SnX) 
exhibit generally the best biological activity among related series of organotin(IV) compounds 
of the composition R4-nSnXn, although the toxicity is shown to be species-specific.[25,26] Thus, 
triorganotin(IV) compounds of the composition R3SnX (R = methyl, ethyl, n-propyl, n-butyl, 
phenyl and cyclohexyl; X = anion ligand) are a widely studied class of metal-based compounds, 
which have been reported to be toxic against various species of mosquitoes and their larvae. 
Interestingly, the results suggest that the anion ligand does not play a major role for the toxicity 
in general,[27-29] but they might participate in specific functions in the biological processes.[30-32] 
It should also be borne in mind that triorganotin carboxylates present a variety of interesting 
structural features, which might have an impact in this context. Triorganotin(IV) carboxylates 
with bulky R groups attached to the tin atom generally adopt tetrahedral monomeric structures, 
while sterically less demanding R groups allow for the formation of polymeric structures, in 
which the carboxylate group bridges two tin atoms giving trigonal-bipyramidal coordination 
4 
 
geometries.[33] Previously, triorganotin(IV) compounds derived from dithiocarbamates,[34] tris-
(para-substituted phenyl)tins (X-C6H4)3SnY where X = Cl, F, Me and SMe and Y = Cl, OH and 
OAc)[35] and carboxylates/benzoates[36-45] were synthesized and screened against Anopheles 
stephensi (An. stephensi) and Aedes aegypti (Ae. aegypti) mosquito larvae and adult mosquitoes. 
The results show these compounds have advantages over toxic side effects and known 
resistance of organophosphorus insecticides.[34-45] Another reason for the development of 
organotin(IV) compounds with larvicidal activity is their biodegradability in the environment to 
non-toxic inorganic tin species through the progressive removal of the organic groups attached 
to the tin atom[25] and lack of known resistance by the mosquito larvae. Thus, it is obvious that 
organotin(IV) compounds can be developed with high larvicidal activity.  
As a continuation of our previous work in this area, we now report the synthesis, 
characterization and crystal structures of five new organotin(IV) complexes of compositions 
[Bz2SnL1]n  (1), [Bz3SnL1H·H2O]  (2), [Me2SnL2·H2O] (3), [Me2SnL3] (4) and  [Bz3SnL3H]n  (5)  
where L1 = (2S)-2-{[(E)-(4-hydroxypentan-2-ylidene)]amino}-4-methylpentanoate,  L2 = (rac)-
2-{[(E)-1-(2-hydroxyphenyl)methylidene]amino}-4-methylpentanoate and L3 = (2S)- (for 5) or 
(rac)- (for 4) 2-{[(E)-1-(2-hydroxyphenyl)ethylidene]amino}-4-methylpentanoate) (Scheme 1). 
Of interest is the dependence of the coordination mode of the Schiff base ligand, L, on the 
number and bulk of the R ligands at the Sn-atom, as well as the influence of variations in L 
itself. 
In addition, we examined the larvicidal potential of the tribenzyltin(IV) complexes, 2 
and 5, with the expectation that the incorporation of the triorganotin moiety into the 
aminoacetate skeleton increases their activity due to a synergistic effect. It should be noted that 
until now the larvicidal potential of tribenzyltin(IV) compounds against mosquito larvae has not 
been assessed. Additionally, the toxicity efficacies of the tribenzyltin(IV) complexes 2 and 5 
against An. stephensi mosquito larvae were compared with those of the previously reported 
enantiopure triphenyltin(IV) analogues [Ph3SnL1H]n  (6) and [Ph3SnL3H]n (7).[21]  
 
Experimental 
Materials and physical measurements 
Bz3SnCl and Bz2SnCl2 were prepared and purified by following the literature method.[46] 
Me2SnCl2, 2'-hydroxyacetophenone (Sigma-Aldrich), (L)-2-amino-4-methylpentanoic acid 
(Himedia), (DL)-2-amino-4-methylpentanoic acid (Sigma-Aldrich), 2-hydroxybenzaldehyde 
and acetylacetone (Sisco) were used without further purification. The solvents used in the 
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reactions were of AR grade and were dried using standard procedures. Benzene and toluene 
were distilled from sodium benzophenone ketyl. The syntheses, characterization data and crystal 
  
 
 
Scheme 1. The general representation of potassium salts (L1HK-L3HK) with numbering 
protocol and their organotin(IV) compounds 1-5 illustrating chirality as observed in structural 
models. 
 
structures of the triphenyltin(IV) complexes [Ph3SnL1H]n  (6) and [Ph3SnL3H]n  (7) are 
described in  ref. 21. 
IR spectra in the range 4000-400 cm–1 were obtained on a Perkin Elmer Spectrum BX 
series FT-IR spectrophotometer with samples investigated as KBr discs. The 1H and 13C NMR 
spectra were recorded on a Bruker AMX 400 spectrometer and measured at 400.13 and 100.62 
MHz, respectively, while 119Sn NMR spectra were recorded on a Jeol GX 270 spectrometer and 
measured at 100.75 MHz. The 1H, 13C and 119Sn chemical shifts were referenced to Me4Si, CDCl3 
and Me4Sn set at 0.00, 77.0 and 0.00 ppm, respectively.  
 
 
Synthesis of the potassium salts of the ligands 
 
Note: The potassium salts (L1HK- L3HK) are dry powders when stored in vacuo, but slowly 
absorb moisture and turn into a paste if left in the air. Care has been taken to exclude moisture 
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while recording melting points and IR spectra. The unambiguous assignments of IR bands viz., 
ν(OCO)asym  and ν(HC=N) could not be accomplished in the potassium salts and in their 
organotin(IV) complexes owing to the complex nature of spectra. 
 
Potassium (2S)-2-{[(E)-(4-hydroxypentan-2-ylidene)]amino}-4-methylpentanoate (L1HK)  
 
A methanol solution (5 ml) of KOH (0.18 g, 3.20 mmol) was added drop-wise to a suspension of 
(L)-2-amino-4-methylpentanoic acid (0.42 g, 3.20 mmol) in methanol (10 ml) with continuous 
stirring. After stirring for an hour, the resulting solution was filtered to remove any unreacted 
amino acid and dried in vacuo. The residue was treated with methanol and evaporated in vacuo to 
obtain potassium 2-amino-4-methylpentanoate as a dry powder. The powdered potassium salt was 
extracted with methanol (20 ml), filtered and was added drop-wise to a stirred methanol solution 
(2 ml) containing acetylacetone (0.32 g, 3.19 mmol). A pale-yellow precipitate appeared almost 
immediately, which upon heating gave a clear solution. After reflux for 5 h, the volatiles were 
removed carefully in vacuo; the residue obtained was washed with hexane, filtered and dried in 
vacuo. The dried residue was extracted into anhydrous methanol and evaporated on a rotary 
evaporator to dryness. Repeated recrystallization from methanol yielded pure L1HK (0.59 g, 74% 
yield). M.p.: 162-64 °C. IR (cm-1): 1599 ν(OCO)asym. 
 
Potassium (rac)-2-{[(E)-1-(2-hydroxyphenyl)methylidene]amino}-4-methyl-pentanoate (L2HK) 
 
A similar synthetic procedure as for L1HK was used, except that acetylacetone and (L)-2-amino-
4-methylpentanoic acid were replaced by 2-hydroxybenzaldehyde and (DL)-2-amino-4-
methylpentanoic acid. After complete addition of the 2-hydroxybenzaldehyde the reaction 
mixture turned yellow and precipitation was noticed. The reaction mixture was then heated to 
reflux, giving a clear solution. After refluxing for 2 h, L2HK was isolated as yellow dry powder 
by following the work-up procedure described for L1HK. Repeated recrystallization from 
methanol yielded pure L2HK in 74% yield. M.p.: 172-174 °C. IR absorption (cm-1): 1635 
ν(OCO)asym. 
 
Potassium (2S)- and (rac)-2-{[(E)-1-(2-hydroxyphenyl)ethylidene]amino}-4-methyl-pentanoate 
(L3HK)  
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A similar synthetic procedure as for L1HK was used, except that acetylacetone was replaced by 
2'-hydroxyacetophenone and the reaction mixture was heated to reflux for 5 h, giving a bright 
yellow powder from methanol solution. Repeated recrystallization from methanol afforded (2S)- 
L3HK in 74% yield. M.p.: 170-172 °C. A similar synthetic procedure to (2S)- L3HK was used for 
the preparation of (rac)- L3HK except that (L)-2-amino-4-methylpentanoic acid was replaced by 
(DL)-2-amino-4-methylpentanoic acid, giving a bright yellow powder in 45% yield. Both (2S)- 
L3HK and (rac)- L3HK had identical melting points and IR spectra. IR absorption (cm-1): 1611 
ν(OCO)asym. 
 
 
Synthesis of organotin(IV) complexes  
Synthesis of [Bz2SnL1H]n (1)  
 
Bz2SnCl2 (0.50g, 1.34 mmol) in anhydrous toluene (20 ml) was added drop-wise to a stirred hot 
toluene (30 ml) solution containing L1HK (0.33 g, 1.34 mmol). The reaction mixture was heated 
to reflux for 4 h and then the solvent was removed using a rotary evaporator. The pale yellow 
mass was washed thoroughly with hexane, dried in vacuo, extracted into chloroform and filtered. 
The filtrate was concentrated, precipitated with hexane and filtered. The precipitation was 
repeated several times in order to remove the pasty materials. The precipitate was dried in vacuo 
and recrystallized from benzene-hexane mixture, which afforded colorless crystalline material 
with a melting point of 113-115 °C. Further recrystallization using the same solvent mixture 
yielded colorless prismatic crystals upon slow evaporation.  Yield: 0.33 g (48%). M.p.:  120-122 
°C. Anal. Calc. for C25H31NO3Sn: C, 58.62; H, 6.10; N, 2.73%. Found. C, 58.98; H, 5.90; N, 
2.85%. IR absorption (cm-1): 1608 ν(OCO)asym. 1H-NMR (CDCl3): Ligand skeleton: 4.71 (s, 1H, 
H-4), 3.91 (dd (8.8; 5.6 Hz, 1H, H-2), 1.85-1.81 (m, 9H, H-3’, H-5’, H-6 and H-7), 0.91 (s, 3H, 
H-8a) and 0.74 (s, 3H, and H-8b); Sn-Bz skeleton: 7.19-7.11 (m, 4H, H-3*), 7.09-7.02 (m, 6H, H-
4* and H-5*), 2.98, 2.78 (AB system of prochiral methylene group, 4H, H-1*) ppm. 13C-NMR 
(CDCl3): Ligand skeleton: 186.7 (C-1), 174.8 (C-5), 174.4 (C-3), 100.2 (C-4), 59.5 (C-2), 44.6 
(C-7), 24.7 (C-6), 27.8 and 26.7 (C-8a and C-8b), 23.8 and 21.8 (C-3’ and C-5’); Sn-Bz skeleton: 
137.8 (C-2*), 128.5 (C-4*), 128.1 (C-3*), 125.3 (C-5*), 29.2 (C-1*) ppm. 119Sn NMR (CDCl3):  – 
253.9 ppm. 
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Synthesis of [Bz3SnL1H·H2O] (2) 
 
Bz3SnCl (0.50 g, 1.16 mmol) in anhydrous toluene (10 ml) was added drop-wise with continuous 
stirring to a hot anhydrous toluene (30 ml) solution containing L1HK (0.29 g, 1.15 mmol). The 
reaction mixture was stirred for about 30 minutes and then heated to reflux for 5 h. The reaction 
mixture was evaporated to dryness using a rotary evaporator. The dried residue was washed 
thoroughly with hot hexane to remove unreacted tin starting materials and dried in vacuo. The 
dried mass was then extracted into hot anhydrous chloroform (25 ml) and filtered. The yellow 
filtrate was concentrated (up to one fourth of the initial solvent volume), precipitated with hexane, 
filtered and dried in vacuo. The crude product (M.p.: 114-116 ˚C) was re-crystallized from 
anhydrous benzene/hexane mixture, which upon slow evaporation yielded a colorless 
microcrystalline product. Yield: 0.44 g (46%). M.p.: 126-128 °C. Anal. Calc. for C32H41NO4Sn: 
C, 61.76; H, 6.64; N, 2.25%. Found. C, 61.98; H, 6.90; N, 2.35%. IR absorption (cm-1): 1638 
ν(OCO)asym. 1H-NMR (CDCl3): Ligand skeleton: 10.8  (s (bifurcated), 1J(1H-15N) 8.5 Hz), 1H, N-
H···O), 4.95 (s, 1H, H-4), 3.92 (dd (8.8; 5.6 Hz, 1H, H-2), 1.94 and 1.73 (s, 6H, H-3’and H-5’), 
1.64-1.62 (m, 1H, H-7), 1.49-1.46 (m, 2H, H-6), 0.85 (s, 3H, H-8a) and 0.90 (s, 3H, H-8b); Sn-Bz 
skeleton: 7.09-7.05 (m, 6H, H-3*), 6.98-6.94 (m, 3H, H-5*), 6.74-6.73 (m, 6H, H-4*), 2.56 (s, 
6H, H-1*) ppm. 13C-NMR (CDCl3): Ligand skeleton: 195.5 (C-1), 174.9 (C-5), 162.4 (C-3), 96.1 
(C-4), 55.1 (C-2), 42.0 (C-7), 24.6 (C-6), 29.0 and 19.1 (C-3’ and C-5’), 23.0 and 21.7 (C-8a and 
C-8b); Sn-Bz skeleton: 138.7 (C-2*), 128.6 (C-4*), 128.1 (C-3*), 124.5 (C-5*), 24.8 (C-1*) ppm. 
119Sn NMR (CDCl3): – 6.14 ppm. 
 
Synthesis of racemic [Me2SnL2·H2O] (3) 
 
Me2SnCl2 (0.25 g, 1.13 mmol) in 10 ml benzene was added drop-wise to a hot stirred solution of 
racemic L2HK (0.31 g, 1.13 mmol) in 30 ml benzene. The color of the reaction mixture turned 
immediately to bright yellow. The reaction mixture was then heated to reflux for 5 h, filtered and 
dried in vacuo. The pale yellow mass was washed thoroughly with hot hexane, dried in vacuo, 
extracted into benzene and filtered while hot. The filtrate was allowed to evaporate at ambient 
temperature to leave a dry yellow mass (156-158 ˚C), which was then triturated with hexane, 
filtered and dried in vacuo. The dried yellow mass was recrystallized from methanol to yield 
yellow crystals of 3 in 81% (0.35 g) yield, M.p.: 160-162 °C. Anal. Calc. for C15H23NO4Sn: C, 
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45.04; H, 5.79; N, 3.50%. Found. C, 45.18; H, 6.01; N, 3.35%. IR absorption (cm-1): 1610 
ν(OCO)asym. 1H-NMR (CDCl3): Ligand skeleton: 8.24 (s, 3J(1HC=N119/117Sn) 40 Hz), 1H, H-3’), 
7.44 (ddd (6.8, 6.8, 1.5 Hz) 1H, H-7), 7.21 (dd (6.5, 1.5 Hz), 1H, H-9), 6.81-6.76 (m, 2H, H-6 and 
H-8), 4.10 (dd (8.8, 5.5 Hz), 1H, H-2), 1.96-1.90 and 1.65-1.60 (m, 2H, H-10), 1.82-1.71 (m, 1H, 
H-11), 1.01 (s, 3H, H-12a) and 1.00 (s, 3H, H-12b); Sn-Me skeleton: 0.97 (s, 3H, Sn-Me) and 
0.66 (s, 3H, Sn-Me) (2J(1H-119Sn) 70 Hz) ppm. 13C-NMR (CDCl3): Ligand skeleton: 174.0 (C-1), 
172.1 (C-3), 169.1 (C-5), 138.2 (C-7), 135.7 (C-9), 123.1 (C-6), 118.0 (C-8), 117.5 (C-4), 68.1 
(C-2), 45.7 (C-10), 24.4 (C-11), 23.3 and 22.4 (C-12b and C-12a); Sn-Me skeleton: 1.86 and 0.78 
ppm; (J(13C-119Sn) = not detected, refer to results and discussion section). 119Sn-NMR (CDCl3): –
172.5 ppm.   
 
Synthesis of racemic [Me2SnL3] (4)  
 
An identical method to that used 3 was followed using Me2SnCl2 and racemic L3HK, except that 
the complex was crystallized from benzene. Yellow crystals of compound 4 were obtained in 
64% yield. M.p.: 218-220 °C. Anal. Calc. for C16H23NO3Sn: C, 48.52; H, 5.85; N, 3.54%. Found. 
C, 48.28; H, 6.09; N, 3.35%. IR absorption (cm-1): 1609 ν(OCO)asym. 1H-NMR (CDCl3): Ligand 
skeleton: 7.49 (dd (6.5, 1.2 Hz), 1H, H-6), 7.35 (ddd (6.8, 6.8, 1.5 Hz) 1H, H-7), 6.84 (dd, 1H, 
(6.5, 1.5 Hz) H-9), 6.81-6.78 (m, 1H, H-8), 4.46 (dd (8.0, 4.0 Hz), 1H, H-2), 2.11-2.01 (m, 1H, H-
11), 1.94-1.88 and 1.55-1.49 (m, 2H, H-10), 2.65 (s, 3H, H-3’), 1.11 (s, 3H, H-12a) and 0.99 (s, 
3H, H-12b); Sn-Me skeleton: 0.97 (s, 3H, Sn-Me) and 0.45 (s, 3H, Sn-Me) (2J(1H-119Sn) 74 Hz) 
ppm. 13C-NMR (CDCl3): Ligand skeleton: 178.9 (C-1), 173.4 (C-3), 166.3 (C-5), 136.0 (C-7), 
130.5 (C-9), 123.9 (C-8), 121.5 (C-4), 118.4 (C-6), 62.8 (C-2), 44.7 (C-11), 25.2 (C-10), 23.9 and 
22.3 (C-12b and C-12a), 21.3 (C-3’); Sn-Me skeleton: 2.00 and – 2.44 ppm; (J(13C-119Sn) = not 
detected, refer to results and discussion section). 119Sn-NMR (CDCl3): –171.4 ppm.   
 
Synthesis of [Bz3SnL3]n (5)  
 
An identical method to that used for 2 was followed using Bz3SnCl and enantiopure L3HK. Pale 
yellow crystals of compound 5 were obtained in 61% yield. M.p.: 118-120 °C. Anal. Calc. for 
C35H39NO3Sn: C, 65.65; H, 6.14; N, 2.19%. Found. C, 65.78; H, 5.90; N, 2.33%. IR absorption 
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(cm-1): 1644 ν(OCO)asym. 1H-NMR (CDCl3): Ligand skeleton: 16.1 (br s, 1H, OH), 7.51 (dd (6.5, 
1.2 Hz), 1H, H-6), 7.30 (ddd (6.8, 6.8, 1.5 Hz) 1H, H-7), 6.94 (dd, 1H, (6.5, 1.5 Hz) H-9), 6.78-
6.76 (m, 1H, H-8), 4.33 (dd (8.8, 4.0 Hz), 1H, H-2), 2.25 (s, 3H, H-3’), 1.81-1.74 (m, 2H, H-10), 
1.72-1.64 (m, 1H, H-11), 0.96 (s, 3H, H-12a) and 0.87 (s, 3H, H-12b); Sn-Bz skeleton: 7.13-7.10 
(m, 6H, H-3*), 7.03-7.00 (m, 3H, H-5*), 6.83-6.80 (m, 6H, H-4*), 2.62 (s, 6H, H-1*) ppm. 13C-
NMR (CDCl3): Ligand skeleton: 176.9 (C-1), 172.2 (C-3), 164.0 (C-5), 132.7 (C-7 and C-9), 
119.5 (C-4), 118.9 (C-8), 117.1 (C-6), 60,6 (C-2), 43.0 (C-11), 24.4 (C-10), 23.2 and 21.8 (C-12b 
and C-12a), 14.8 (C-3’); Sn-Bz skeleton: 138.5 (C-2*), 128.7 (C-4*), 127.9 (C-3*), 124.6 (C-5*), 
25.0 (C-1*) ppm. 119Sn NMR (CDCl3): –1.97 ppm. 
 
X-ray crystallography 
Crystals of the organotin(IV) complexes [Bz2SnL1]n  (1) (benzene/hexane), [Bz3SnL1H·H2O]  (2) 
(benzene/hexane), [Me2SnL2·H2O] (3) (methanol), [Me2SnL3] (4) (benzene) and [Bz3SnL3H]n  (5) 
(benzene/hexane) suitable for single-crystal X-ray structure determination were obtained by slow 
evaporation of solutions of the respective complexes. Measurements of 1-3 and 5 were carried out 
at low temperature on a Nonius KappaCCD diffractometer[47] with graphite-monochromated Mo 
Kα radiation (λ = 0.71073 Å) and an Oxford Cryosystems Cryostream 700 cooler, while the 
crystal of 4 was investigated at room temperature on a Bruker APEX diffractometer with a CCD 
area detector (Mo Kα radiation, λ = 0.71073 Å, graphite monochromator). Data reduction was 
performed with HKL Denzo and Scalepack[48] and SAINT.[49] Intensities were corrected for 
Lorentz and polarization effects, and empirical absorption corrections based on the multi-scan 
method[50] were applied. Equivalent reflections, other than the Friedel pairs for 1, 2 and 5, were 
merged. The data collection and refinement parameters are given in Table 1, and perspective 
views of the molecular structures are shown in Figs. 1, 2, 4, 5 and 6 for complexes 1, 2, 5, 4 and 
3, respectively. The structures of 1, 2 and 5 were solved by direct methods using SIR92[51] while 
SHELXS97[52] was used for 3 and 4. Non-hydrogen atoms were refined anisotropically. All other H 
atoms were placed in geometrically calculated positions and refined using a riding model, where 
each H atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2Ueq 
of its parent C atom (1.5Ueq for the methyl groups). The imine, hydroxy and water hydrogen-
atoms in 2, 3, 4 and 5 were placed in the positions indicated by a difference electron density map 
and their positions were allowed to refine together with individual isotropic displacement 
parameters. In 2, the O–H and N–H bond lengths were restrained to 0.82(1) and 0.84(1) Å, 
respectively. The refinements were carried out on F2 using full-matrix least-squares procedures, 
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which minimized the function Σw(Fo2-Fc2)2. Corrections for secondary extinction were applied for 
2 and 3. For 1 and 2, one reflection was omitted each from the final refinement cycle, because the 
intensities were considered to be extreme outliers. Refinements of the absolute structure 
parameter [53,54] for 1, 2 and 5 yielded values of 0.01(3), 0.02(2) and -0.02(3), respectively, 
which confidently confirms that the refined models correspond to the true enantiomorph. For the 
calculations of 1-3 and 5, the SHELXL97 program[52] was used, while refinement and data output 
of 4 were carried out with the SHELXTL-NT program package.[55] DIAMOND was used for the 
creation of figures.[56] 
 
Larvicidal tests  
Preparation of the organotin stock solution 
 
Stock solutions of the triorganotin(IV) complexes 2, 5, 6 and 7, were prepared by dissolving the 
complexes in 95% ethanol. The dissolution of the triorganotin(IV) complexes 2, 5, 6 and 7 in the 
organic media was employed to facilitate the dispersion of the complexes in water.  
Note: The stabilities of the organotin(IV) complexes 2 and 5 were assessed in 95% ethanol prior 
to the larvicidal studies. The absorbance obtained from UV/Vis was monitored for seven days 
(Fig. S1). As can be seen, the λmax values (245, 315 nm for 2 and 245, 325 and 385 for 5) did not 
change and the basic pattern of the spectra remained unchanged in respective cases and hence 
the larval toxicity studies were performed.[40] Although, a hypochromic effect (decrease in 
absorbance) was observed for the band at 315 nm for 2 from 2 h onwards, which does not decay 
to zero. Decisive information concerning hypochromicity in 2 could not be derived at this stage. 
The larval toxicity data of Bz3SnCl could not be measured since the compound segregate from 
alcohol and water, and slowly hydrolyze while potassium salts are unstable and slowly 
decompose, and hence excluded from the discussion. 
 
Larval toxicity studies 
 
An. stephensi mosquito larvae were obtained from the Entomology Department at the Walter 
Reed Army Institute of Research, Washington, DC. The larvae were maintained in an 
environmental chamber at 27-28 °C with a humidity of 60-90% and fed with ground dog food. 
The larval toxicity studies were performed as described in our earlier report[40] while Probit 
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analyses[57] were used to determine the LC50 values (concentration at which the test compounds 
killed 50% of the tested organisms). 
Results and discussion  
 
Synthesis and spectroscopy 
For the preparation of the mono-potassium salts of ligands L1HK-L3HK, KOH was first reacted 
with (L)- or (DL)-2-amino-4-methylpentanoic acid to avoid the formation of a zwitterionic 
species. The resulting potassium (L)- or (DL)-2-amino-4-methylpentanoate was then reacted in 
anhydrous methanol with acetylacetone, 2-hydroxybenzaldehyde and 2'-hydroxyacetophenone, 
respectively, to give the potassium salts of the desired Schiff bases. Attempted preparation of 
L2HK using (L)-2-amino-4-methylpentanoic acid and 2-hydroxybenzaldehyde led to the isolation 
of enantiomerically pure salt in very low yield after work-up. Synthetic conveniences led to the 
choice of (rac)-L2HK, which was subsequently used for the synthesis of dimethyltin(IV) 
compound. However, both enantiomerically pure and (rac)-L3HK could be isolated and they were 
then reacted with organotin(IV) halide(s). The salts were isolated as dry powders and remained 
stable in that form as powder when stored in vacuum; however, they tend to absorb moisture upon 
exposure to air, turning slowly into a paste of unknown composition. The potassium salts are 
soluble in hot benzene and toluene. From the reactions of the Schiff base potassium salts with 
Bz3SnCl or R2SnCl2 (R = Me or Bz) in refluxing benzene or toluene (see experimental section for 
details), complexes 1-5 could be isolated in pure form in moderate yield. Of these, complexes 1, 2 
and 5, derived from the (L)-acid, were enantiomerically pure, while complexes 3 and 4, derived 
from the (DL)-acid, resulted in racemates, as revealed by their crystal structures. All complexes 
are air stable and soluble in all common organic solvents. The analytical purity of the 
organotin(IV) complexes was established by elemental analysis and the spectroscopic 
characterization was based on IR, 1H, 13C, and 119Sn  NMR spectroscopic experiments.  
The IR spectra of the tribenzyltin(IV) complexes 2 and 5 displayed a characteristic strong 
sharp band in the range 1638-1644 cm-1, while the diorganotin(IV) complexes 1, 3 and 4 
displayed a band at ~ 1610 cm-1 that has been assigned to the asymmetric carboxylate 
[ν(OCO)asym] stretching vibration, in accord with our earlier reports.[11, 15, 19-21, 23] The 1H NMR 
integration values of the signals and the 13C NMR spectra of the complexes 1-5 were found to be 
consistent with the formulation of the products. The 1H and 13C NMR chemical shift assignments 
of the benzyl- and methyltin moieties and the ligand skeletons are straightforward from the 
expected shift displacements and the multiplicity patterns and/or resonance intensities and are in 
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agreement with literature reports.[19,21] The routine NMR data are summarized in experimental 
section, while some archetypal facts that deserve specific mention are provided here. The 
tribenzyltin(IV) complex 2 exhibited a bifurcated singlet signal of the intramolecular H-bonded 
proton (O….H-N) of the ligand skeleton due to scalar coupling with 15N. The coupling constant 
1J(1H-15N) is 8.5 Hz, which indicate that the proton is preferentially localized near the imino N 
atom, as shown in Scheme 1; in contrast to the spectrum of 5 where a broad singlet signal is 
observed due to OH at ~16 ppm. This corroborates the fact that the ligand part of the molecule in 
2 remains intact as a zwitterion, even in solution (see X-ray discussion for solid state structure). 
The imine hydrogen atom in complex 3 displays a sharp singlet at 8.24 ppm with a 
3J(119/117SnN=C1H) coupling constant of 40 Hz. Similar coupling constants were observed for 
other tin complexes in which the tin nuclei are located trans to the azomethine proton,[23] thus 
confirming the presence of nitrogen-tin coordination. This assumption was subsequently 
confirmed by the single-crystal X-ray diffraction study. The carboxylate carbon (C-1) in 
complexes 1-5 displayed the typical low-field shifted signal in the range δ174.0 to 195.5 ppm in 
the 13C NMR spectrum, which is in agreement with the data reported for analogous organotin(IV) 
esters.[19,20,23] The imine carbon signal (C-3) for 3 was detected at δ 172.1. 1H and 13C NMR 
spectra of diorganotin(IV) complexes 1, 3 and 4 displayed two sets of signals for Sn-methyl and 
Sn-benzyl ligands owing to the presence of a stereogenic carbon at position 2, indicating the  
diastereotopic nature of the Sn-R groups.[20,21,23] The poor signal-to-noise ratio in the spectrum of 
3 and 4 prevented the observation of noticeable coupling J(13C-119Sn). 
The coordination geometries of the complexes 1-5 in solution-state were derived from the 
119Sn NMR chemical shifts. Complex 1 exhibits a single 119Sn NMR resonance at δ –254 ppm, 
which corresponds to a five-coordinate tin center in line with the data of related systems.[19] 
However, in the solid state (see X-ray discussion, vide infra) a six-coordinate metal-coordination 
geometry was observed for 1, which can be explained by the presence of a weak intermolecular 
C=O···Sn interaction, giving a 1D polymeric chain structure. In solution, the polymer dissociates 
to give a monomeric species. The tribenzyltin(IV) complexes 2 and 5 exhibited sharp singlets 
with δ(119Sn NMR) values of –6.1 and –2.0 ppm, respectively. The values lie within the range 
from +55.0 to –25.0 ppm and are thus typical for monomeric four-coordinate tribenzyltin(IV) 
species in non-coordinating solvents.[19,58] The five-coordinate solid-state structures are due to the 
coordination of a water molecule in 2 and a polymeric structure for 5. The dimethyltin(IV) 
complexes 3 and 4 exhibit single sharp resonances at around –172 and –171 ppm, respectively, 
with chemical shifts in the typical range for five-coordinate tin atoms. The agreement between the 
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chemical shifts for 3 and 4 means that the six-coordinate Sn-atom in the solid-state structure of 
the aqua-complex 3 is also lost upon dissolution of that material, presumably due to loss of the 
aqua ligand, giving rise to a five-coordinate Sn-atom in solution.[11] 
Crystal structures 
The molecular structures of compounds 1-5 are shown in Figs. 1, 2, 4, 5 and 6 (see scheme 1 for 
line diagrams), while selected geometric parameters are collected in Tables 2-5. In the crystal 
structure of 1, the asymmetric unit (Fig. S2) contains one formula unit of the Sn-complex and the 
units are linked into a polymeric zig-zag cis-bridged chain by a long Sn(1)-O(2') bond (2.618(3) 
Å, Table 2) involving the Sn-atom and the exocyclic carboxylate carbonyl O-atom of the 
tridentate L1 ligand of a neighboring Sn-complex unit (Fig. 1). The chains extend in the 
crystallographic [0 1 0] direction along a 21 screw axis. The Sn-atom has a distorted octahedral 
coordination geometry in which the long Sn(1)-O(2') bond is almost trans to the L1 N-atom, as 
observed for related diphenyl{2-{[(E)-1-(2-
oxyphenyl)methylidene]amino}phenylpropionato}tin(IV).[20] The diffraction experiment reveals 
that the compound in the crystal is enantiomerically pure and the ligand has the S-configuration, 
as expected from the synthetic route. 
The Sn-atom in the crystal structure of tribenzyltin(V) complex 2 exhibits a trans-
Bz3SnO2 trigonal bipyramidal coordination. The axial positions are occupied by one of the O- 
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Figure 1. Three repeating units of the crystallographically and chemically unique unit in the 
polymeric [Bz2SnL1]n chain structure of 1. H-atoms omitted for clarity. Symmetry 
operators: ' 1-x, 1-2+y, 2-z;  '' 1-x, -
1-2+y, 2-z  
 
atoms of the carboxylate ligand and the oxygen atom of a water ligand. The three-benzyl ligands 
occupy equatorial positions (Fig. 2). The second O-atom of the carboxylate ligand lies 3.3198(19) 
Å (Sn-O(2), Table 3) from the Sn-atom, but does not significantly influence the trigonal 
bipyramidal coordination geometry. This is in contrast to the [triphenyl({2-{[(E)-(4-
hydroxypentan-2-ylidene)]amino}-4-methylpentanoato}tin(IV))]n analog, which is a polymer, 
where a single ligand bridges adjacent Sn-centres via its carboxylate and oxide O-atoms to form 
extended chains.[21] Another related example is [tribenzyl({2-{[(2Z)-3-hydroxy-1-methyl-2-
butenylidene]amino}acetato}tin(IV))]2 which is a centrosymmetric dimer where two ligand 
molecules bridge the two tin centres. Each of the tin atoms in the dimeric unit has a trigonal 
bipyramidal configuration, with the benzyl carbon atoms in the equatorial positions and oxygen 
atoms arranged axially.[19] Compound 2 in the crystal is enantiomerically pure and the molecule 
has the expected 2S-configuration of the carboxylate ligand. The ligand exists in a zwitterionic 
form as a consequence of migration of H-atom the alcoholic group to the N-atom of the C=N 
group. The N-H group forms an intramolecular hydrogen bond with the oxide O-atom. The water 
ligand is also involved in two intermolecular hydrogen bonds. One interaction is with the oxide 
O-atom of a neighboring molecule and serves to link the molecule into extended linear chains 
which run parallel to the [010] direction and can be described by a graph set motif [59] of C(11). 
The other interaction is with the non-coordinating carboxylate O-atom of a different neighboring 
molecule and serves to link the molecule into extended zig-zag chains which also run parallel to 
the [010] direction and can be described by a graph set motif of C(6). This latter interaction cross-
links the chains formed by the former interaction, so that the combination of both intermolecular 
hydrogen bonding interactions results in double-stranded chains of molecules running parallel to 
the [010] direction (Fig. 3). Within these strands, the hydrogen bonds form loops, which can be 
described by a graph set motif of R33(17). 
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Figure 2.  Molecular structure of [Bz3SnL1H·H2O] 2 with atom-labelling scheme (30% 
probability ellipsoids). Most H-atoms omitted for clarity. 
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Figure 3. The molecular packing of 2 viewed down the a-axis showing the water ligand 
involved in two intermolecular hydrogen bonds (dashed lines), which link the 
molecules into double-stranded chains extending along the [010] direction. Most H-
atoms omitted for clarity.  
 
 In contrast to the discrete monomeric structure of 2, compound 5 exhibits a polymeric 
chain structure where a single carboxylate ligand bridges adjacent Bz3Sn centres via its 
carboxylate and oxide O-atoms, as illustrated in Fig. 4. The asymmetric unit (Fig. S3) contains 
one of the chemical repeat units of the polymeric Sn-compound. The primary coordination sphere 
of the Sn-atom is trigonal bipyramidal with the benzyl ligands in the equatorial plane and the 
axial positions being occupied by one O-atom from the carboxylate group of one L3 ligand and 
the oxide O-atom (formerly the hydroxy group) of the adjacent carboxylate ligand in the chain. 
The second O-atom of the carboxylate group is not involved in the primary coordination sphere of 
the Sn-atom, but lies about 3.047(3) Å [(Sn-O(2), Table 4] from the Sn-atom. However, this 
interaction has no significant influence on the trigonal bipyramidal coordination geometry. 
Polymeric structures with a similar mode of coordination and geometry about the Sn-atom were 
observed in [trimethyl{2-{[(E)-1-(2-hydroxyphenyl)methylidene]amino}acetato}tin(IV)]n,  
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[triphenyl{2-{[(E)-1-(2-hydroxyphenyl)ethylidene]amino}acetato}tin(IV)]n, [12], [triphenyl(2-
{[(2Z)-(3-hydroxy-1-methyl-2-butenylidene)]amino}phenylpropionato)tin(IV))]n [12], 
[triphenyl(2-{[(E)-1-(2-hydroxyphenyl)methylidene]amino}phenylpropionato}tin(IV))]n and 
[triphenyl(2-{[(E)-1-(2-hydroxyphenyl)ethylidene]amino}phenylpropionato}tin(IV))]n [20], 
[triphenyl({2-{[(E)-(4-hydroxypentan-2-ylidene)]amino}-4-methylpentanoato}tin(IV))]n, 
[triphenyl({2-{[(E)-1-(2-hydroxyphenyl)methylidene]amino}-4-methyl-pentanoato}tin(IV))]n and 
[triphenyl({2-{[(E)-1-(2-hydroxyphenyl)ethylidene]amino}-4-methyl-pentanoato}tin(IV))]n 
complexes [21]. In all these examples, the ligands are in a zwitterionic form where H-atom of the 
formal hydroxy group has migrated to the N-atom of the C=N group. In the case of 5, the H-atom 
of the formal hydroxy group refines to a position almost midway between the phenolic O-atom 
and the N-atom of the C=N group (Fig. S3). This may be an artifact, though, as a difference 
electron density map suggests this H-atom may be disordered across two sites associated with the 
N- and the O-atoms, indicating a possible mixture of neutral and zwitterionic molecules, possibly 
with the latter more dominant. Attempts to refine the H-atom in disordered positions, even with 
restraints, were unsuccessful, leading to negative displacement parameters. The compound in the 
crystal is enantiomerically pure and the stereogenic centre at C(2) of the molecule has the 
expected S-configuration, as confirmed from the diffraction experiment. 
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Figure 4. Three repeats of the crystallographically and chemically unique unit in the polymeric 
[Bz3SnL3H]n chain structure of 5. Symmetry operators: ' -x, 1-2+y, 
1-2-z;  '' -x, -
1-2+y, 
1-2-z. 
H-atoms omitted for clarity.  
 
The Sn-atom in compound 4 displays distorted trigonal bipyramidal coordination 
geometry where the racemic ligand L3 is dianionic ONO tridentate. One of the carboxylate group 
and oxide oxygen atoms from L3 occupy the axial positions, while the imine nitrogen atom and 
the carbon atoms of the two methyl groups complete the equatorial positions (Fig. 5, Table 5). 
Examples involving diorganotin(IV) and the Schiff bases of amino acids with a similar mode of 
coordination and geometry about the Sn-atom have been observed in diphenyl{2-{[(E)-1-(2-
oxyphenyl)methylidene]amino}acetato}tin(IV) and its derivative,[9,10] diphenyl{(E)-3-hydroxy-2-
((2-oxybenzylidene)amino)propanoato}tin(IV) and dimethyl/diphenyl{(E)-3-hydroxy-2-((1-(2-
oxyphenyl)ethylidene)amino)propanoato}tin(IV)[23] complexes. 
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Figure 5. Molecular structure of [Me2SnL3] 4 with atom-labelling scheme (30% probability 
ellipsoids).  
 
 
  In contrast to 4, the Sn-atom in the crystal structure of racemic 3 displays pseudo-
octahedral coordination geometry, presumably as a consequence of absorption of adventitious 
moisture from the solvent, with the water ligand trans to the N-atom and the methyl ligands 
arranged trans to one another (Table 5). There are two molecules, A and B, in the asymmetric 
unit in the crystal structure. They differ primarily in the orientation of the iso-butyl substituent; 
otherwise the two independent molecules have very similar geometries (Fig. 6, Table 5). Similar 
coordination geometries to those observed in 3 have been found in the structures of aqua 
divinyl{2-{[(E)-1-(2-oxyphenyl)ethylidene]amino}acetato}tin(IV)[9] and aqua dibutyl{2-{[(E)-1-
(2-oxyphenyl)ethylidene]amino}phenylpropionato}tin(IV).[20] The water ligand in molecule A 
forms intermolecular hydrogen bonds with the carbonyl O-atom in a neighboring molecule B and 
with the phenoxide O-atoms of a different molecule B.  In turn, the water ligand in molecule B 
forms the same types of hydrogen bonds with two adjacent molecules of A. These interactions 
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link molecules A and B alternately into extended doubly bridged chains, which run parallel to the 
[100] direction (Table 6). The chains of A and B molecules that involve just the interactions from 
the water ligand of molecule A can be described by a graph set motif[59] of C22(8). Similarly for 
the chains involving only the interactions from the water ligand of molecule B (Fig. 7). The 
double-bridges formed by the combination of these interactions result in loops, which can be 
described by a graph set motif of R22(10).  
 
Figure 6.    A view of the one of the symmetry-independent molecules (Molecule A) of   
[Me2SnL2·H2O] 3 showing the atom-labeling scheme (50% probability ellipsoids).  
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Figure 7.  The molecular packing of 3 showing the water ligand in molecule A involved in 
intermolecular hydrogen bonds (dashed lines) with the carbonyl O-atom in a 
neighboring molecule B and with the phenoxide O-atom of a different molecule B 
which link the molecules into extended double-bridged chains extending along the 
[100] direction. Symmetry operators: ' -x, 1-2+y, 
1-2-z;  '' 1-x, 
1-2+y, 
1-2-z;  ''' 1+x, y, z. 
Most H-atoms omitted for clarity. 
 
Comparing the five reported structures, one sees that the coordination behavior of the L ligands is 
flexible; they can adopt coordination modes, which may be dependent on the number and steric 
bulk of the other ligands coordinating to the Sn-atom. In the case of the Bz3Sn complexes 2 and 
5, the L ligand prefers to coordinate to a single Sn-atom via its carboxylate group and, in the case 
of 5, to a second Sn-atom via its hydroxy group, because the three bulky benzyl ligands prevent 
the tridentate cheating O,N,O coordination mode of L seen in complexes 1, 3 and 4. In the latter 
three complexes, the presence of smaller, or fewer, R groups allows enough space for the L 
ligand to curl around the Sn-atom to give the tridentate chelating coordination mode. In the case 
of 1, although bulky benzyl groups are present, there are only two of them, which apparently still 
facilitates the tridentate chelating coordination of L, despite a sixth coordination site at the Sn-
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atom being occupied by the carboxyl O-atom of a second L ligand. The existence of additional 
bridging coordination of L, as in 1 and 5, does not seem to depend on the degree of benzyl ligand 
congestion at the Sn atom, nor does the presence of a phenyl ring in L have an influence on its 
coordination mode. It also seems to make no difference if the final coordination number of the 
Sn-atom is five or six, with the sixth site occupied by fortuitous water or an O-atom of a second 
L ligand. Thus the determining factor on the coordination mode of the L ligands in these five 
complexes is primarily the presence or otherwise of three bulky benzyl ligands. These findings 
correlate well with similar Sn(IV) complexes with two and three phenyl ligands; those with two 
phenyl ligands are similar to that of 4,[9, 10, 23] while those with three phenyl ligands are similar to 
that of 5. [12, 20, 21] 
 
Toxicity results 
The tribenzyltin(IV) complexes 2 and 5, and their triphenyltin(IV) analogs 6 and 7 having the 
same ligand frameworks were screened against the second larval stage of An. Stephensi 
mosquitoes. The LC50 values of 2, 5, 6 and 7 in parts per million (ppm), along with their 
standard deviations, are listed in Table 7. Recently, the larvicidal activities of R3SnL (R = Me, 
Et, nPr, nBu, Ph and Cy; L = chrysanthemumate, methylbutyrate and cyclopropane carboxylates) 
were described.[45] The results were quite promising, which indicated that the toxicity mainly 
depends on the triorganotin(IV) compounds and the species of mosquito larvae. To our 
knowledge, no tribenzyltin(IV) compounds have been screened to assess the larvicidal potential 
of mosquitoes and hence we became interested in performing such an investigation on 
complexes 2 and 5. In parallel, for comparison purposes, their triphenyltin(IV) analogs 6 and 7, 
whose molecular structures were determined earlier,[21] were also chosen, because 
triphenyltin(IV) complexes generally demonstrated better toxicity. It should be mentioned here 
that the carboxylate ligands are Schiff bases which were derived from amino acids. As shown in 
Table 7, tribenzyltin(IV) complexes 2 and 5 and their triphenyltin(IV) analogs 6 and 7 showed 
the LC50 values of ~15 ppm  and ~ 6 ppm, respectively, for An. Stephensi mosquito larvae. The 
toxicity values are of the same order of magnitude in the respective cases. This testifies that Sn-
R group plays a major role in larvicidal activities in An. Stephensi. Although the ligand 
skeletons in the present investigation have no influence on the toxicity results, they might 
participate in specific functions in biological processes.[30-32] It should also be borne in mind that 
the toxicity is also species-specific.[25,26] Based on these observations, it is intended to search for 
more triphenyltin(IV) complexes with modified Schiff base ligands derived from amino acids in 
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order to find improved toxicity results for An. Stephensi larvae. It is worth mentioning that 
triphenyltin(IV) complexes 6 and 7 have also shown promising in vitro cytotoxic results against 
various cancer cell lines.[21] Further work in this area is in progress. 
 
Conclusions  
 
The present paper reports the syntheses, characterization and crystal structures of five 
organotin(IV) complexes of Schiff bases constructed from proteinogenic amino acid. Solid-
state structures of the complexes (1-5) have been established from the results of single crystal 
X-ray crystallography and show that the coordination mode of the Schiff base ligand depends 
primarily on the number of bulky benzyl ligands (R) at the Sn atom, as indeed found in the 
structures of related complexes where R = phenyl. The δ(119Sn NMR) data were correlated 
with the solution structures. Larvicidal efficacies of two new tribenzyltin(IV) complexes 
[Bz3SnL1H.H2O]  (2), [Bz3SnL3H]n  (5)  and two triphenyltin(IV) analogs [Ph3SnL1H]n  (6) 
and [Ph3SnL3H]n  (7) were assessed on the second larval instar of the An. Stephensi mosquito 
larvae. The results demonstrated that the Sn-R group plays a major role in larvicidal activities 
in An. stephensi, particularly when R is a phenyl ligand. Our studies have indicated the 
potential of developing compounds 6 and 7 as effective larvicidal agents. Complexes 6 and 7 
displayed similar activities, regardless of their ligand frameworks, presumably due to a very 
similar mechanism of interaction. The advantages of developing larvicidal capabilities of 
organotin(IV) compounds lie in its biodegradability in the environment to non-toxic inorganic 
tin species and lack of known resistance by the mosquito larvae. Further work in this area is 
underway. 
 
Appendix A. Supplementary material 
Crystallographic data for complexes 1-5 reported in this paper have been deposited with the 
Cambridge Crystallographic Data Centre (CCDC) as supplementary publication no. CCDC-
1423179–CCDC-1423183. These data can be obtained free of charge via 
www.ccdc.cam.ac.uk/getstructures. Supplementary data associated with this article can be 
found, in the online version, at http:// XXXX. (Fig. S1: UV-Vis absorption spectra over time 
for tribenzyltin(IV) complexes [Bz3SnL1H.H2O] 2 and [Bz3SnL3H]n 5 in 95% ethanol; Fig. 
S2: Perspective view of the asymmetric unit of Bz2SnL1 1 with the atom-labelling scheme 
(50% probability ellipsoids); Fig. S3: Perspective view of the asymmetric unit of Bz3SnL3H 5 
with the atom-labelling scheme (50% probability ellipsoids)).  
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Table 1. Crystallographic data and structure refinement parameters for organotin(IV) 
complexes 1-5 
 
 
 
 
 
 
 1 2 3 4 5 
Empirical formula C25H31NO3Sn C32H41NO4Sn C15H23NO4Sn C16H23NO3Sn C35H39NO3Sn 
Formula weight 512.12 622.28 399.95 396.04 640.30 
Crystal size (mm) 0.13 × 0.18 × 0.25 0.10 × 0.20 × 0.25 0.15 × 0.15 × 0.30 0.12 × 0.32 × 0.38 0.10 × 0.15 × 0.25 
Crystal morphology Prism Tablet Prism Prism Prism 
Temperature (K) 160(1) 160(1) 160(1) 293(2) 160(1) 
Crystal system Monoclinic Monoclinic  Monoclinic Monoclinic Orthorhombic 
Space group P21 P21 P21/c P21/c P212121 
a (Å) 9.4818(1) 10.9806(2) 9.8152(1) 11.6800(9) 11.4643(2) 
b (Å) 11.4277(2) 12.0561(2) 17.0254(2) 11.1748(9) 15.1122(2) 
c (Å) 11.2620(2) 12.2091(2) 19.6522(2) 13.3757(11) 17.9735(2) 
β (°) 108.9532(9) 105.893(1) 93.6776(5) 104.3210(10) 90 
V (Å3) 1154.14(3) 1554.50(5) 3277.27(6) 1691.6(2) 3113.92(8) 
Z 2 2 8 4 4 
Dx (g cm–3) 1.474 1.329 1.621 1.555 1.366 
µ (mm–1) 1.131 0.855 1.572 1.519 0.854 
Transmission factors  
(min, max) 
0.752,0.876 0.736, 0.919 0.651, 0.795 0.596,0.839 0.815, 0.922 
θ range (°) 2.6-30.0 2.2-30.1 2.1-30.0 1.8-25.0 2.1-30.0 
Reflections measured 29435 43921 85104 15902 58135 
Independent reflections;  
Rint 
6679; 0.060 9051; 0.062 9551; 0.068 2969; 0.039 9105; 0.100 
Reflections with I > 2σ(I) 6381 8164 8209 2741 7379 
Number of parameters 275 360 404 195 368 
Number of restraints 1 4 0 0 0 
R(F) [I > 2σ(I)reflns] 0.044 0.035 0.038 0.053 0.051 
wR(F2) (all data) 0.110 0.079 0.097 0.126 0.123 
GOF(F2) 1.12 1.13 1.07 1.06 1.05 
Δρmax, min (e Å–3) 1.10, -2.27 1.30; -0.61 1.04; -1.17 0.84, -1.05 0.71, -2.20 
31 
 
 
 
Table 2. Selected bond lengths (Å) and angles (°) for complex 1a 
Sn(1)-O(1) 2.212(3)                     
Sn(1)-O(3) 2.107(3)                     
Sn(1)-O(2') 2.618(3)                     
Sn(1)-N(1) 2.173(3)                     
Sn(1)-C(10) 2.136(4)                     
Sn(1)-C(11) 2.148(4)                     
  
O(1)-Sn(1)-C(10) 88.47(13)              
O(1)-Sn(1)-C(11) 91.38(15)              
O(1)-Sn(1)-O(3) 153.93(12)             
O(1)-Sn(1)-N(1) 74.89(12)             
O(3)-Sn(1)-C(10) 88.27(14)              
O(3)-Sn(1)-C(11) 105.95(16)              
N(1)-Sn(1)-C(10) 116.39(14) 
N(1)-Sn(1)-C(11) 97.58(14) 
C(10)-Sn(1)-C(11) 144.64(15)              
a Primed atoms refer to atoms from the next symmetrically-related ligand in 
the polymeric chain (symmetry code: 1-x, 1-2+y, 2-z). 
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Table 3. Selected bond lengths (Å) and angles (°) for complex 2  
Sn-O(1) 2.1642(18) 
Sn-O(4) 2.363(2) 
Sn-O(2) 3.3198(19) 
Sn-C(12) 2.151(2)	
Sn-C(19) 2.147(3)                     
Sn-C(26) 2.149(3) 
  
C(12)-Sn-C(19) 119.18(12) 
C(12)-Sn-C(26) 117.24(10) 
C(19)-Sn-C(26) 122.22(12) 
O(1)-Sn-O(4) 173.63(7) 
O(1)-Sn-C(12) 93.96(13) 
O(1)-Sn-C(19) 89.58(9) 
O(1)-Sn-C(26) 98.14(9) 
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Table 4. Selected bond lengths (Å) and angles (°) for complex 5a 
Sn-O(1) 2.181(3) 
Sn-O(3') 2.322(3) 
Sn-O(2) 3.047(3) 
Sn-C(14) 2.165(4) 
Sn-C(21) 2.160(4) 
Sn-C(28) 2.156(4) 
  
C(14)-Sn-C(21) 110.90(17) 
C(14)-Sn-C(28) 127.73(19) 
C(21)-Sn-C(28) 120.72(18) 
O(1)-Sn-O(3') 173.44(11) 
a Primed atoms refer to atoms from the next symmetrically-related 
ligand in the polymeric chain (symmetry code: -x, 1-2+y, 
1-2-z). 
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Table 5. Selected bond lengths (Å) and angles (º) for complexes 3 and 4 
 
3  
4 
 
Molecule A Molecule B 
Sn(1)-O(1) 2.168(2) Sn(2)-O(5) 2.167(2) 2.150(4) 
Sn(1)-O(3) 2.188(2) Sn(2)-O(7) 2.1788(19) 2.085(4) 
Sn(1)-O(4) 2.420(2) Sn(2)-O(8) 2.463(2) - 
Sn(1)-N(1) 2.226(2) Sn(2)-N(2) 2.242(2) 2.176(5) 
Sn(1)-C(10) 2.107(3) Sn(2)-C(30) 2.108(3) 2.092(7) 
Sn(1)-C(11) 2.111(3) Sn(2)-C(31) 2.104(3) 2.105(6) 
     
O(1)-Sn(1)-C(10) 93.90(11) O(5)-Sn(2)-C(30) 95.42(11) 
 
94.4(3) 
O(1)-Sn(1)-C(11) 97.31(11) O(5)-Sn(2)-C(31) 97.28(11) 93.1(2) 
O(1)-Sn(1)-O(3) 154.55(8) O(5)-Sn(2)-O(7) 152.27(8) 154.79(18) 
O(1)-Sn(1)-N(1) 74.01(8) O(5)-Sn(2)-N(2) 73.37(8) 75.03(17) 
O(3)-Sn(1)-C(10) 89.17(11) O(7)-Sn(2)-C(30) 90.11(11) 99.5(3) 
O(3)-Sn(1)-C(11) 87.68(10) O(7)-Sn(2)-C(31) 88.15(10) 92.6(2) 
N(1)-Sn(1)-C(10) 99.48(11) N(2)-Sn(2)-C(30) 99.28(11) 108.4(2) 
N(1)-Sn(1)-C(11) 99.26(0) N(2)-Sn(2)-C(31) 104.03(11) 118.4(2) 
 
C(10)-Sn(1)-C(11) 160.20(12) C(30)-Sn(2)-C(31) 155.81(13) 
 
133.0(3) 
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Table 6. Hydrogen bonding geometry (Å, º) for complexes 2, 3, and 5  
 
 
Primed atoms refer to atoms from the next symmetrically-related ligand in the polymeric 
chain (symmetry codes: i x, 1+y, z; ii 1-x, 1-2+y, 1-z;  
iii 1-x, 1-2+y, 
1-2-z;  
iv -x, 1-2+y, 
1-2-z;  
v 1-x, -1-2+y, 
1-2-
z;  vi -x, -1-2+y, 
1-2-z). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Compound D-H···A D-H H···A D···A D-H···A 
2   
     
O(4)-H(41)···O(3i) 
O(4)-H(42)···O(2ii) 
N(1)-H(1) ···O(3) 
0.816(10) 
0.815(10) 
0.837(10)      
 
1.858(11) 
1.906(15) 
2.04(2) 
 
2.670(3) 
2.702(3) 
2.684(3) 
174(5) 
165(4) 
133(3) 
3   
 
O(4)-H(41)···O(7iii) 
O(4)-H(42)···O(6iv) 
O(8)-H(81)···O(2v) 
O(8)-H(82)···O(3vi) 
         
0.84(5) 
0.85(4) 
0.90(6) 
0.83(7) 
1.89(5) 
1.90(4) 
1.90(6) 
2.02(7)    
2.717(3) 
 2.753(3) 
 2.796(3) 
  2.778(3) 
169(4) 
175(4) 
175(5) 
152(7) 
5 O(3)-H(1)···N(1) 1.28(7) 1.36(7) 2.549(5) 150(6) 
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Table 7. LC50 values (ppm) of the tribenzyltin(IV) complexes 2 and 5 along with their 
triphenyltin(IV) analogsa 6 and 7 against the second instar stage of An. Stephensi mosquito larvae 
Complex An. stephensi  
[Bz3SnL1H.H2O]  (2) 14.2 ±	1.4 
[Ph3SnL1H]nb       (6) 6.88 ±	1.2 
[Bz3SnL3H]n        (5) 15.3 ±	0.9 
 [Ph3SnL3H]nb     (7)   5.2 ±	0.1 
a Refer to Scheme 1 for ligand description.  
bIncluded for comparison; see ref. 21.  
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For supplementary materials 
 
 
Figure S1 Uv-Vis absorption spectra over time for tribenzyltin(IV) complexes 
[Bz3SnL1H.H2O]  2 and [Bz3SnL3H]n 5 in 95% ethanol. 
 
 
 
Figure S2 Perspective view of the asymmetric unit of Bz2SnL1 1 with the atom-labelling 
scheme (50% probability ellipsoids). 
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Figure S3 Perspective view of the asymmetric unit of Bz3SnL3H 5 with the atom-labelling 
scheme (50% probability ellipsoids). Most hydrogen atoms have been omitted for 
clarity. 
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Captions to Scheme and Figures  
 
Scheme 1. The general representation of potassium salts (L1HK-L3HK) with numbering protocol 
and their organotin(IV) compounds 1-5 illustrating chirality as observed in structural models. 
 
Figure 1. Three repeating units of the crystallographically and chemically unique unit in the 
polymeric [Bz2SnL1]n chain structure of 1. H-atoms omitted for clarity. Symmetry 
operators: ' 1-x, 1-2+y, 2-z;  '' 1-x, -
1-2+y, 2-z  
 
Figure 2. Molecular structure of [Bz3SnL1H·H2O] 2 with atom-labelling scheme (30% 
probability ellipsoids). Most H-atoms omitted for clarity. 
  
Figure 3. The molecular packing of 2 viewed down the a-axis showing the water ligand 
involved in two intermolecular hydrogen bonds (dashed lines), which link the 
molecules into double-stranded chains extending along the [010] direction. Most H-
atoms omitted for clarity.  
 
Figure 4. Three repeats of the crystallographically and chemically unique unit in the polymeric 
[Bz3SnL3H]n chain structure of 5. Symmetry operators: ' -x, 1-2+y, 
1-2-z;  '' -x, -
1-2+y, 
1-2-z. 
H-atoms omitted for clarity.  
 
Figure 5. Molecular structure of [Me2SnL3] 4 with atom-labelling scheme (30% probability 
ellipsoids).  
 
Figure 6. A view of the one of the symmetry-independent molecules (Molecule A) of   
[Me2SnL2·H2O] 3 showing the atom-labeling scheme (50% probability ellipsoids).  
 
Figure 7. The molecular packing of 3 showing the water ligand in molecule A involved in 
intermolecular hydrogen bonds (dashed lines) with the carbonyl O-atom in a 
neighboring molecule B and with the phenoxide O-atom of a different molecule B 
which link the molecules into extended double-bridged chains extending along the 
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[100] direction. Symmetry operators: ' -x, 1-2+y, 
1-2-z;  '' 1-x, 
1-2+y, 
1-2-z;  ''' 1+x, y, z. 
Most H-atoms omitted for clarity. 
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[Bz3SnL1H.H2O]  2 and [Bz3SnL3H]n 5 in 95% ethanol. 
 
Figure S2 Perspective view of the asymmetric unit of Bz2SnL1 1 with the atom-labelling 
scheme (50% probability ellipsoids). 
  
Figure S3 Perspective view of the asymmetric unit of Bz3SnL3H 5 with the atom-labelling 
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